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SIMULATION OF INTERMITTENT HEATING MODE
OF THE EDUCATIONAL BUILDING

I A. banacansan, O.A. Knumuyx, A.A Cemeniti, €.C babaes, JI.B. Cayenxo. MoaeJI0BaHHsI Pe;KHMY NEPEPHBYACTOIO ONAJIEHHSI
OyaiBJIi HABYAJILHOTO KOPIYCY. 3aPOIOHOBAHO alrOPUTM POOOTH CHCTEMH TEILUIONOCTAYaHHS B PEXKHMI EPEPUBYACTOrO OMAICHHS, KUl
BpaxoBye 0COOJIMBOCTI eKcIuTyaTanii OyxiBii. Mera po6oTH — OIiHKa e(heKTUBHOCTI BUKOPHCTAHHS PEXKUMY IIEPEPHBYACTOrO OIMAJICHHS IS
HaBYAIBHOTO KOPIIyCy TEINIOTeXHiYHOI 1abopaTopii JepskaBHoro yHiBepcuTeTy «Omechbka IoIiTexHika». B manuii yac peami3yeTbest MPOEKT
3 BIIKJIIOUEHHS TEIUIONOCTa4YaHHs BiJl KOTENbHI YHIBEPCUTETY Ta MEpeBeNCHHS KOPIyCY TEIUIOTeXHiuHOi ynaboparopii YHiBepcutery Ha
ABTOHOMHE TEIUIONOCTAauaHHs Ha 0a3i KOHIEHCALifHOro HaCTiHHOTO ra3oBoro komia. KombiHOBaHa crcTeMa OMANCHHS 3 BUKOPUCTAHHAM
PI3HUX OHATIOBANBHUX TpWIadiB (pagiaTopd, (EHKOWMIM, KIIMaTUYHA IAHENb, CHUCTEMa «TeIUla MiAIora») NO3BOJSE MPOBOIUTH
JIOCII/DKEHHST TUMHAMIKM HarpiBy NpHMIlleHb JabopaTopii mpu pi3HHX BapiaHTaX TEIUIOBOI i30JLii Ta eKpaHyBaHHs 3OBHILIHIX Ta
BHYTpINIHIX cTiH. B po6oTi npoananizoBaHo (hakTopw, 010 3HIKEHHSI €HEPro3aTpaT B PeXXHMi NPOrPaMHOro TEIIONocTayaHHs. BiukoHaHO
MO/ICIIOBAHHS PEXUMIB POOOTH IeHepaTtopa TEIUIOTH CHCTEMH TEII03abe3eueHHs, 10 MPALI0E B PEXHMI IEPEPUBYACTOrO OIMAICHHS.
3anponoHOBaHO MAaTEMAaTHYHY MOJENb AMHAMIKM HarpiBy MOBITpPs B NMPHMINIEHHAX 3 ypaxXyBaHHSM OCOOJMBOCTEH pEXHMIB poOOTH Ta
PI3HHUX THIIIB ONAIFOBAJFHMX TPUCTPOIB y CKJIaJi CUCTEMH TeIulonocTayaHHs. [l pisHMX KIIMaTHYHMX YMOB MPOBEJEHO MaTeMaTHYHE
MOJICITIOBaHHS PEXHUMIB EKCIUTyaTallii CHCTEMH ONaJICHHs Ta OTPUMAaHO MOKa3HUKU €(EeKTHBHOCTI poOOTH chcTeMH. JI0CiKEeHO NOTeH i an
€KOHOMIi eHepropecypciB Ui aJMiHICTPaTHBHHUX, HaBYAIBHHUX, O(QIiCHUX OyZiBelb B 3aJEKHOCTI BiJ TEIUIOAKYMYIIOIOUNX BIACTHBOCTEH
KOHCTPYKI[I 30BHINIHIX Ta BHYTpimHIX cTiH. IlixTBep/pKEHO MOIIIBHICT BHUKOPUCTAHHS NPHHIMITYY MakcumyMmy IloHTpsrina momo
MiZABUIIEHHS e()eKTUBHOCTI PAHKOBOT'O HATOIY Oy/IiBENb 3 PI3HUMH . IOCTIHHUMU Yacy aKyMyJIIOBaHHSI.

Kniouosi cnosa: cucteMa TEIIONOCTaqaHHs, IEPEPUBYACTE ONAJICHHS, PEKUM €KCILTyaTallii Oy/1iBili, paHKOBHI HATOII

G. Balasanian, O. Klymchuk, A. Semenii, Ye. Babaiev, L. Sachenko. Simulation of intermittent heating mode of the educational
building. The algorithm of operation of the heat supply system in the mode of intermittent heating which considers features of operation of
the building is offered. The purpose of the work is to assess the effectiveness of the use of intermittent heating for the educational building of
the thermal laboratory of the Odessa Polytechnic State University. Currently, a project is being implemented to disconnect heat supply from
the University boiler room and transfer the building of the University's heating laboratory to autonomous heat supply based on a condensing
wall-mounted gas boiler. The combined heating system with the use of different heating devices (radiators, fan coils, climate panel,
“underfloor heating” system) allows to study the dynamics of heating the laboratory premises with different thermal insulation and shielding
of external and internal walls. The factors of reduction of energy consumption in the mode of program heat supply are analyzed in the work.
Modeling of modes of operation of the heat generator of the heat supply system operating in the mode of intermittent heating is executed.
The mathematical model of dynamics of heating of air in rooms taking into account features of operating modes and various types of heating
devices as a part of system of heat supply is offered. For different climatic conditions the mathematical modeling of operating modes of the
heating system is carried out and indicators of efficiency of work of system are received. The potential of energy saving for administrative,
educational, office buildings depending on the heat-accumulating properties of external and internal wall structures has been studied. The
expediency of using the Pontryagin maximum principle to increase the efficiency of morning flooding of buildings with different ones has
been confirmed. accumulation time constants.

Keywords: heat supply system, intermittent heating, building operation mode, morning flood

Introduction

For administrative, educational institutions, as well as office buildings, one of the ways to reduce
energy consumption for heating is to use the mode of intermittent heating of the building. It is based
on lowering the indoor temperature during the absence of people. Then, at a certain point, the heating

DOI: 10.15276/0pu.2.64.2021.03

© 2021 The Authors. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

EHEPTETHUKA



ISSN 2076-2429 (print) . . L 23
ISSN 2223-3814 (online) Proceedings of Odessa Polytechnic University, Issue 2(64), 2021

system is turned on to heat the air to a comfortable temperature until people arrive in the room. Daily
regulation of room temperature is the least expensive. But the wide application of this regime requires
the definition of the main directions for saving energy for heating.

Analysis of recent research and publications

A number of scientific works have been devoted to the study of intermittent heating for energy
saving [1, 2, 3]. Thus, in [1] the author considers a room of 34 m” as an object of study and concludes
that the potential for saving 2...9 % of thermal energy, which raises some doubts about the possibility
of generalizing the results of the study for the whole building. [2] Considers the problem of optimal
control of space heating, the volume of which does not exceed 50 m®, which also imposes certain re-
strictions on the generalization of results. The analysis of other researches [3] testifies that the question
of complex application of the specified heating mode taking into account thermophysical properties of
heating systems, inertial properties of building constructions and modes of operation of buildings is
insufficiently studied.

The potential for reducing the energy consumption of intermittent heating is a debatable issue, as
it depends on many factors, the main of which are:

— thermal inertia of the building;

— the duration of working time indoors;

— maximum thermal productivity of the heating system;

— type of system and heating devices;

— outside air temperature, etc.

Analysis of the efficiency of the heating system is based on the creation of an adequate mathe-
matical model.

The purpose. Evaluation of the effectiveness of the use of intermittent heating for the education-
al building of the Heat Engineering Laboratory of the Odessa Polytechnic State University.

Presenting main material

Currently, a project is underway to disconnect heat supply from the University boiler room and
transfer the building of the University Heating Laboratory to autonomous heat supply based on a con-
densing wall gas boiler Viessmann with a capacity of 105 kW.

Parameters of the building of the thermal laboratory:

— 4-storey red brick building of the 50 s;

— wall thickness — 0.6 m, area of external walls — 1500 mz, volume of the building — 4800 m’,
heating area — 1200 m’;

— water pipe heating system with individual heating station of Danfoss; regulation of water tem-
perature with correction for indoor air temperature;

— thermal power of the heating system at the design temperature of the outside air — 70 kW.

Intermittent heating mode was calculated for the following conditions:

— the temperature in the room is maintained at 18°°C during the working period from 8:00 to
15:00 (classroom hours from 1 to 4 pairs);

— relative heat loss of the building was determined according to experimental data and amounted
to 1.74 kW/°C;

— amplitude of daily fluctuations of outdoor air temperature Azyygoor==5 °C.

— mode parameters of the gas boiler were determined by the passport characteristics in variable
modes.

The calculation of the dynamic properties of the building and the heating system was performed
based on a system of differential equations and the corresponding boundary conditions [4].

The task of controlling intermittent heating is the task of optimal control. The result of its solu-
tion is a daily schedule of thermal average hourly loads of the gas boiler, providing a minimum of heat
consumption, as well as a daily schedule of changes in room temperature.

Given the nature of the relationship between variables, the optimization problem belongs to the
class of nonlinear programming problems and in general can be written:
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> 0" — min;

i=0
i GB .
Qimm < Q,- < Qimax ;
i=0, 23,

where the first element is the objective function, the second is the constraint, and i is the time of day, h;
Q°® — average hourly heat capacity of a gas boiler, kW.

As a tool for solving the problem, the MS Excel package was used which allowed performing
multidimensional optimization taking into account the limitations and boundary conditions in the sys-
tem under the option “Solution Search”.

The calculations varied the outside air temperature within Zyug0or=5—(—11) C and the accumula-
tion time constant of the building 7=30...100 h, calculated according to the method [5]. For the build-
ing of the Heat Engineering Laboratory, the time constant was 7=50 h, which corresponds to the
moderate thermal storage capacity of the building.

Figures 1 and 2 show, respectively, the daily load schedules of the heating system and the tem-
perature in the room at the rated power of the gas boiler (Q;;" = 70kW) and the average daily outside
air temperature 0o = 0°C. This maximum power of the gas boiler corresponds to the calculated out-
side air temperature (for Odessa: —18°C) at the round-the-clock heating mode. A further decrease in
temperature o400 1€ads to a corresponding increase in the immersion time and its beginning earlier
than 00:00 hours of the day, which will already exceed the working period and is not appropriate.

Q heats kW
60

40

20

2 4 6 8 10 12 14 16 18 20 22 24
Time of the day, hour

Fig. 1. Daily schedule of heating the building at a constant
time 7=50 hours, Q55" =70 kW, foytdoor =0 °C

t,°C

18

16
12 |

10
0 4 8 12 16 20 24

Time of the day, hour

Fig. 2. Daily schedule of room temperature at a constant
time 7=350 hours, Qg =70 kW, fougoor =0 °C

The optimization algorithm allows to determine the optimal time of the beginning of heating at
the set initial data (in the 2nd time of day) and average hourly loading of heating system, both in the
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period of heating, and in working hours. At a given maximum power of the gas boiler Qg3*, the dura-

tion of heating is proportional to the difference between the outdoor temperature z,,q00r and the operat-
ing temperature in the room 18 °C. This allows you to conveniently program the time of onset of heat-
ing depending on the temperature #,uqoor.

According to the Pontryagin maximum principle [6], the optimal load of a gas boiler during heat-
ing hours should be equal to its maximum power Qg5 .

It is determined that the heating efficiency, according to the principle of maximum, increases

with increasing maximum heat output of the heating system Q3" . In Fig. 3, 4 presents daily graphs of

the load of the heating system and the temperature in the room at Q55 =115 kW. At the same time,

the optimal time of the beginning of heating was significantly reduced (the beginning of heating at
4:00 o’clock), and the total daily heat consumption for heating was reduced from 637 to 615 kWh.
Further increase in the capacity of the heating system is limited by the increase in the temperature of
direct mains water above 85°C.

Qheats kW
100
80
60
40
20
0 2 4 6 8 10 12 14 16 18 20 22 24
Time of the day, hour
Fig. 3. Daily schedule of heating the building at a constant
time 7=>50 hours, Q55" =115kW, fyydoer=0 °C
t,°C
18
16
- \"‘*'H-o-o-o-.
12 |
10
0 4 8 12 16 20 24

Time of the day, hour

Fig. 4. Daily schedule of room temperature at a constant
time 7=>50 hours, Q55" =115kW

As an indicator of the efficiency of the intermittent heating mode, heat savings for heating AQ are
proposed in comparison with the round-the-clock heating mode, which is defined as:

AQ =[O (1) - Q"™ (1)t

where O”*, O™ — respectively, the thermal capacity of the heating system in the round-the-clock
mode and in the intermittent heating mode, kW.
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Results
In Fig. 5 presents the relative (percentage) daily heat savings for heating in the mode of intermit-
tent heating in comparison with the round-the-clock mode depending on the heat capacity of the sys-

a:

tem. The increase of Qg from 70 to 115 kW (1.64 times), respectively, provides an increase in heat
savings from 15.2 to 18.2 %, which is consistent with the principles of optimal management.

AO, %
18

17
16
15
14

65 75 85 95 105 Omax, kW1

Fig. 5. Daily heat savings for heating at 7= 50 hours, #,udoor =0 °C

Fig. 6 presents heat savings in the mode of intermittent heating depending on the outside air tem-
perature foudoor and the time of accumulation of the building 7" at Q75" =115kW. Reducing the time
constant T (for example, lightweight frame buildings) significantly increases the heat savings in the
mode of intermittent heating. More efficient use of this mode is also observed with increasing outside
air temperature Zyuqoor-

The lowest daily average value of 7,40, On the graph is —11 °C. With a further decrease in the
temperature of the gas boiler is not enough to ensure the temperature in the room 18 °C from the be-
ginning of heating at 00:00 hours to 8:00 (beginning of working hours). Then it is recommended to
switch to round-the-clock heating. But the number of such days per year, according to statistics, does
not exceed 7.

The lowest daily average value of .00 ON the graph is —11 °C. With a further decrease in tyudoor
the capacity of the gas boiler is not enough to ensure the temperature in the room 18 °C from 00:00
hours to 8:00 (beginning of working hours). Then it is recommended to switch to round-the-clock
heating. But the number of such days per year, according to statistics, does not exceed 7.

AQ, % — o
T7=30 h //
20 —— —
=50 h
15

10

7=100 h

5
-13 -8 -3 0 2 7 Zoutdoors °C

Fig. 6. Daily heat savings for heating when changing the time constant 7

Conclusions

Based on the results of the work, the following conclusions can be made:

1. The use of intermittent heating for administrative, educational, office buildings opens addi-
tional opportunities for energy savings within 10...25 %, which is determined by the relatively short
working hours (7...9 hours per day).

2. The use of intermittent heating is more effective for buildings with low storage capacity (mod-
ern frame lightweight buildings, etc.).
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3.

In the mode of intermittent heating, for the period of morning heating, it is necessary to pro-

vide the maximum possible heating load to reduce the time to reach the required air temperature in the
building (when designing to set increased capacity of the heating system or possible installation of
additional capacity for existing systems).

4,

The use of low-inertia heaters (fan coils, modern steel radiators) increases the efficiency of in-

termittent heating mode.
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